Chronic Helicobacter pylori infection is associated with mucosal inflammation. The aim of the present study was to assess human neutrophil and monocyte activation by H. pylori strains obtained from patients with different clinical presentations. Bacterial sonicates from 12 strains were used to stimulate phagocyte upregulation of CD11b/CD18 adherence molecules assessed by fluorescence flow cytometry and oxidative burst responses assessed by chemiluminescence. A dose-dependent activation of CD11b/CD18 adherence molecules was observed with all strains on both neutrophils and monocytes. The activities were similar for strains from patients with duodenal ulceration and for strains from asymptomatic volunteers irrespective of histopathologic grades of the biopsy specimens from the antral mucosa. The neutrophil chemiluminescence response correlated with histopathologic severity. We conclude that upregulation of neutrophil and monocyte adherence molecules by H. pylori sonicates is not associated with clinical presentation of the infection.
Infection with Helicobacter pylori is a major risk factor for gastroduodenal disease. Initial changes after gastric infection include an acute neutrophilic inflammatory response, which in the majority of individuals progresses to chronic antrum-predominant gastritis. A prominent feature of H. pylori infection of the antral mucosa is the abundant neutrophil inflammation together with mononuclear phagocytes and lymphoid follicles. Several observations support the close interrelationship between bacterial load and neutrophil influx: (i) a patchy distribution of H. pylori is associated with a similar variation in mucosal neutrophil inflammation (5); (ii) histopathologic scores for intensity of inflammation correlate with the density of H. pylori infection (1, 4, 8, 14) ; and (iii) following antibacterial therapy of the infection, neutrophil inflammation scores return to normal values in those subjects who are cured of the infection (16, 24) . The relevance of neutrophils in the pathogenesis of gastroduodenal disorders is supported by the observations of increased concentrations of toxic oxygen radicals in the mucosa (8) and enhanced activity of nitric oxide synthase (19) , both of which could contribute to tissue injury. Proinflammatory activity of H. pylori with neutrophils and monocytes is well recognized by demonstration of bacterial components exhibiting chemotactic activity (15, 17) and induction of oxidative burst responses (18, 20) .
A crucial initial event in mucosal inflammation is the intravascular upregulation of phagocyte membrane adherence molecules preceding transendothelial migration (3). Nonstimulated neutrophils and monocytes constitutively express L-selectin (defined by CD62L) on their surface, whereas Mac-1 (defined by CD11b/CD18, complement receptor type 3) is present in very low numbers on the surface membranes. Upon activation, a proteolytic shedding of L-selectin takes place, whereby neutrophils and monocytes change behavior and begin rolling on the inner surface of the endothelial layer (21) . Upon further activation, the neutrophils and monocytes upregulate CD11b/ CD18 by fusion of intracellular vesicles (6) , rich in CD11b/ CD18, with the surface membrane and the cells adhere firmly to the endothelial cells. An activation of neutrophil adherent properties has been demonstrated with H. pylori stimulation. The active component has been suggested to be a 50-kDa protein (10) or a 150-kDa protein composed of 10 identical 15-kDa polypeptides (11) . The proadhesive activity has been examined in very few clinical isolates so far (11) , and its relationship with clinical presentation of the infection is not known. The interactions of H. pylori components with monocyte adhesion molecules have not been studied.
The aim of the present study was to further examine the relationship between clinical presentation of the infected patient and phagocyte inflammatory activation, with special reference to initial upregulation of adherence molecules. We chose to assess strains from subjects with the two extremes of clinical presentation of the H. pylori infection: (i) patients with endoscopically defined duodenal ulceration and clear clinical symptoms, and (ii) healthy volunteers with asymptomatic gastritis without any history of dyspepsia. Further, in the upregulation of adherence molecules, the variation among the donors and the effect of H. pylori seropositivity were addressed.
The subject population included seven patients presenting with endoscopically documented duodenal ulcers and five healthy volunteers with H. pylori gastritis who had no current or prior history of gastroduodenal disease or symptoms. All subjects lived in the Houston, Tex., area. No subject had received treatment for H. pylori infection or was taking antibiotics or acid-suppressing agents at the time of the study. All patients provided written informed consent. This study was performed in compliance with the Institutional Review Board of the Baylor College of Medicine. Gastric biopsy specimens were obtained at the time of endoscopic evaluation. Slides from each specimen were stained with a triple stain, including hematoxylin and eosin, silver stain, and alcian blue, at pH 2.5 (12) . Each specimen was graded for the presence of H. pylori infection, active and chronic inflammation, atrophy, intestinal metaplasia, and lymphoid follicles in accordance with the updated Sydney System classification (9) . The inflammation of the specimens was then scored as mild, moderate, or severe. Of the patients presenting with duodenal ulcer (n ϭ 7), specimens from four were graded mild to moderate and those from three were graded severe. Of the healthy volunteers presenting with gastritis (n ϭ 5), specimens from three were graded mild to moderate and those from two were graded as severe. Clinical isolates were cultured on blood agar plates and incubated under microaerobic conditions and high humidity for up to 7 days. The organisms were identified as H. pylori by gramnegative staining, typical colony morphology, and positive oxidase, catalase, and urease reactions. Pure cultures of H. pylori were grown on chocolate agar plates under microaerobic conditions. After 24 to 48 h of incubation, the confluent cultures were harvested in sterile distilled water. Bacteria were washed twice in distilled water (resuspended in phosphate-buffered saline [pH 7.4] at 0.5 g/ml or approximately 10 9 /ml) and sonicated three times for 45 s at 20,000 Hz and 400 W. The crude sonicate was centrifuged at 14,000 ϫ g for 1 h at 4°C. The supernatants were filtered through a 0.22-m-pore-size Millipore filter. The protein concentration was determined by use of solid-phase dye binding assays as described previously (24) . Concanavalin A was used as a standard, and binding was measured by spectrophotometry at 590 nm. The sonicate was stored in small aliquots at Ϫ20°C. The effects of the H. pylori sonicates on surface expression of the adhesion molecules were examined in peripheral heparinized blood from healthy volunteers from the laboratory staff. A whole-blood system was used for the assessment of upregulation of CD11b/CD18 adherence molecules since even careful isolation procedures will interfere with degranulation processes of neutrophils (23) and monocytes. A 100-l bacterial sonicate at a final concentration of 0.5, 5, or 50 g/ml was added to 100 l of whole blood for 30 min at 37°C. Sonicates from all 12 strains examined were assessed in parallel with cells from the same volunteer. Preliminary kinetic experiments confirmed that an incubation period of 30 min in this system was optimal. Following incubation, the samples were cooled immediately in an ice bath, and phycoerythrin-conjugated mouse anti-human CD11b/CD18 monoclonal antibody (DAKO, Glostrup, Denmark) was added for 30 min at 4°C. Subsequently, the erythrocytes were lysed for 10 min at room temperature (Becton Dickinson lysing solution with formalin) and the phagocytes were washed in phosphatebuffered saline and resuspended in sheath fluid (Becton Dickinson) with 2.7% formalin. The analysis was performed in a flow cytometer (FACscan; Becton Dickinson). Mean fluorescence intensity was corrected by subtracting the mean value from unstimulated controls. In each analysis, a stimulated and unstimulated sample were used and fluorescein-conjugated mouse-anti-human CD14 monoclonal antibodies (DAKO) were added to determine the monocyte distribution in the analysis. The level of immunoglobulin G antibodies against H. pylori in the donors was assessed by an enzyme-linked immunosorbent assay (2); the presence of H. pylori was not confirmed among the phagocyte donors. Peripheral venous blood was separated by dextran sedimentation followed by density gradient centrifugation on metrizoate-polysucrose (Lymphoprep; Nyegaard, Oslo, Norway). Mononuclear cells were washed twice in Eagle's minimal essential medium (Difco) and adjusted to 5 ϫ 10 5 monocytes per ml in Eagle's minimal essential medium. The percentage of monocytes on cytocentrifuge preparations was in the range of 20 to 28% as assessed by morphology with Wright's stain and cytochemical identification of nonspecific esterase (25) . Neutrophils were washed twice in Gey's solution, the remaining erythrocytes were removed by hypotonic lysis, and cells were adjusted to 5 ϫ 10 5 per ml in Gey's solution. The purity of the neutrophils was always more than 95%. The viability of cells was tested by trypan blue and nigrosin exclusion assays and was always more than 95%. A chemiluminescence system was used for the examination of the oxidative burst response of neutrophils and monocytes, as previously described (18) . In brief, the assay was performed in duplicate in glass scintillation vials containing 2.5 ϫ 10 5 neutrophils or monocytes, and the responses after stimulation with fMLP (N-formyl-methionyl-leucyl-phenylalanine; Sigma Chemical Co., St. Louis, Mo.) were enhanced with 2 ϫ 10 Ϫ4 mol of N,NЈ-dimethyl-9,9Ј-biacridinium dinitrate (Lucigenin; Sigma). Neutrophils and monocytes were preincubated for 30 min with H. pylori sonicate at 10 and 100 g/ml before stimulation. Control vials with Krebs Ringer solution were included in parallel. A Beckman L 8000 scintillation counter in an air-conditioned and thermostat-controlled room at 21 Ϯ 1°C was used in the out-of-coincidence mode. All reagents were dark adapted before use, and the experiments were performed under a red light. Sequential 0.5-min counts were made on each vial over a period of 60 min. Results are presented as the peak response of stimulated cells after subtracting the response of unstimulated cells. The S-plus program was used for data processing. The Mann-Whitney test was used for nonparametric data, and analysis of variance was done by the random-effect model.
The sonicate preparations from all strains tested showed a dose-dependent upregulation of CD11b/CD18 adhesion molecules. The maximal intensity of fluorescence was obtained at a protein concentration of 50 g/ml for both neutrophils and monocytes. The donor variance was 10.8 (95% confidence limits, 5.2 to 36.0), when analysis of 10 healthy volunteers with all 12 strains was performed. The data showed a normal distribution. The reactivity of phagocytes was unrelated to the anti-H. pylori serological status of cell donors, although seropositive donors had a slightly higher response than seronegative donors (data not shown).
The potencies of bacterial sonicates were similar for monocytes and neutrophils, but the increase in CD11b/CD18 intensity was highest in neutrophils (Fig. 1) . The ability to induce adhesion molecules upregulated on neutrophils and monocytes was no different for strains from individuals with duodenal ulcers or asymptomatic gastritis (Fig. 1) , and it was unrelated to the severity of the mucosal inflammation as assessed by histopathology (data not shown). For all strains examined, an enhanced chemiluminescence response was obtained following bacterial sonicate preincubation (priming). The highest activity was found in two of the strains with an inflammation grade of severe, and the group of strains with severe inflammation, based upon the histopathological examination, was statistically associated with increased oxidative burst induction in neutrophils (P Ͻ 0.05) (Fig. 2) . Monocyte responsiveness to bacterial sonicate priming was not related to the histological grade (Fig.  2) . There was no correlation between activity of sonicates for upregulation of adherence molecules and stimulation of oxidative burst responses.
Chronic active gastritis with H. pylori will progress to clinical disease in only a minority of cases, but the relative role of bacterial factors and host responses in the pathogenesis is unknown. Previous reports have suggested that H. pylori strains from ulcer patients have stronger potential for activation of neutrophil oxidative burst than strains from patients with gas-tritis only (17, 18) . These studies, however, have compared H. pylori strains from patients referred for upper gastrointestinal dyspepsia, and the role of H. pylori infection in nonulcer dyspepsia is controversial. In the present study, we chose to compare patients with definitive duodenal ulcer disease to healthy volunteers with asymptomatic H. pylori gastritis, hoping to better define any difference in bacterial factors responsible for inflammatory reactions.
Although H. pylori is a noninvasive pathogen, it has been proposed that protein components and secreted products of the bacterium transversing the epithelial barrier may, by direct or indirect action on leukocytes, lead to their activation and enhanced local migration into mucosal tissue. A central prerequisite for transendothelial migration of leukocytes into the lamina propria of gastric mucosa is the primary adhesion of these cells to activated endothelium. This is regulated by the alteration of the density and avidity of different adhesion molecules present on the surface of the leukocytes and endothelial cells. Previous experiments suggest that H. pylori water-soluble extracts can promote neutrophil-endothelial cell-adhesive interactions by upregulating the ␤ 2 -integrin CD11b/CD18 on the neutrophil surface (10, 11, 26) as well as the counterreceptor ICAM-1 (defined by CD54) on vascular endothelial tissue in the gastric mucosa (13) and on cultured gastric epithelial cell lines (7). Enders et al. found upregulation of CD11b/CD18 on neutrophils associated with a water-soluble protein destroyed by pronase and heat treatment (10) . Preliminary experiments suggested a molecular mass between 30 and 100 kDa (10), whereas Evans et al. reported a protein of 150 kDa as the neutrophil-activating factor (11) . Of 21 clinical isolates, all had proadhesive activity although with obvious variation in activity (11) , but no analysis of an association of activity with clinical or histopathological diagnosis was provided (10, 11) .
We found no difference in the ␤ 2 -integrin upregulation on neutrophils or monocytes between the H. pylori strains from duodenal ulcer patients and those from asymptomatic volunteers. Likewise, histopathological assessment of the severity of gastritis was not correlated with in vitro activation properties of adherence molecule upregulation. Confirming previous observations, however, we found that induction of oxidative burst responsiveness in neutrophils correlates with severity of inflammation assessed in mucosal biopsy specimens. Neutrophil and monocyte oxidative burst response upon fMLP stimulation after preincubation with sonicates from H. pylori strains isolated from seven subjects with mild to moderate gastritis (M/M) and from five subjects with severe gastritis (S). Results are expressed as neutrophil or monocyte response with fMLP treatment or without (i.e., after preincubation in sonicate or after preincubation in medium). Each strain was examined by using cells from four to six different healthy volunteers, and the results are expressed as the mean value from the results for each strain (horizontal bars indicate median values).
